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Abstract 
The properties of coarse aggregates from metamorphic rock in Selangor and Perak are used 
to explore the quality and performance as construction aggregate towards utilization of earth 
resource in Malaysia. The roles performed by unbound aggregate bases are defined and this 
leads to a discussion of the necessary properties required in achieving appropriate standard 
specification tests. Reference is made to a fundamental understanding of material perform-
ance which is then applied to the means available for measuring the relevant properties of 
aggregates for use in base layers. The paper concludes with a review of areas, which can be 
selected and recommended to be use as unbound aggregate pavement base. 
Keywords: Metamorphic, Unbound, Pavement base, aggregate, laboratory testing. 
1.0 Introduction 
The unbound granular layer serves as ma-
jor structural component in flexible pave-
ments, especially when the hot mix 
asphalt (HMA) surface layer is thin. It is 
essential that the structural contribution 
assigned to aggregate layers in state-of-
the-art mechanistic protocols is as accu-
rate as possible so that the aggregate base 
can be equitably compared with compet-
ing materials. 
The efforts in this study were primarily 
aimed at enhancing the understanding of 
the behavior of metamorphic rock in Se-
langor and Perak to be use as unbound 
aggregate bases (UABs). The study is 
needed to ensure the quality and perform-
ance of this geological material as con-
struction aggregate towards earth resource 
conservation and economic stringency. It 
means that the usability of geomaterial 
must be re-evaluated to ensure the avail-
ability and the quality of crushed rock ag-
gregate. In such a situation there is a need 
to re-state our understanding of the prin-
ciples of behavior and methods of analy-
sis to categorise and predict the suitability 
as unbound aggregates in pavement bases. 
This paper seeks to address the above is-
sues. 
2.0 Aggregate Sources 
Metamorphic rock from Selangor and 
Perak has been chose to evaluate the suit-
ability of those geomaterial as unbound 
base aggregate. These aggregate have 
been chosen based on geological nature 
which are from two different sources. 
Metamorphic rock from Selangor consists 
of phyllite, quartzite and graphitic schist 
whereas Perak metamorphic rock consists 
of schist mica, schist garnet mica and 
gneiss. The properties of theses aggregate 
will be used to determine the performance 
as unbound aggregate pavement base. 
The pavement distress, such as stripping 
and rutting, can be traced directly to the 
aggregates used. Clearly, proper aggre-
gate selection is necessary for attaining 
desired performance. Ideally, the com-
parison between the Selangor and Perak 
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\ Matrial 
V y p e 
Grik, Perak 
Cyberjaya, 
Selangor 
Sieve S i z e \ 
Schist 
Garnet 
(N=10) 
Gneiss 
(N=10) 
Graphitic 
Schist 
(N=10) 
Phylite 
(N=10) 
53.0 100 100 100 100 
37.5 85 -100 100 100 80 
100 
26.5 8 4 - 9 4 100 -
19.0 60 -90 71 - 84 8 5 - 9 5 50 -95 
13.2 - 50-75 7 - 8 4 -
4.75 30 -65 3 6 - 5 3 42 -70 25 -65 
2.00 20 -50 23 -40 2 7 - 5 5 25 -55 
0.425 1 0 - 3 0 11-24 1 3 - 3 0 15-30 
0.075 5 - 15 4 - 12 5 - 12 5-12 
The rock material has fractured faces and 
the gradation of the material may have 
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water content. A standard-size groove of 
13mm is made in the sample. The device 
is agitated by turning a handle, lifts the 
dish a distance before dropping it onto a 
hard surface. The experiment is stopped 
when the sides of the groove fail. The 
moisture content which takes 25 drops of 
the dish to cause the groove to fail is the 
Liquid Limit. The Plastic Limit is found 
by the thread test. It is the water content 
of a soil such that a thread of the soil 
crumbles when rolled to 3 mm thick. The 
Shrinkage Limit of a soil is the moisture 
content that is just sufficient to fill the 
void spaces of a rock when the rock is at 
the minimum volume it will attain by dry-
ing. 
The density specification for unbound 
aggregate requires a minimum relative 
density 95 percent of the maximum wet 
density achieved in the laboratory accord-
ing to AASTHO T-l 80 test method. 
4.0 Testing, Results and Suitability 
Table 1 shows the result of sieve analysis 
based on aggregate percentage passing by 
mass for schist and gneiss from Grik, 
Perak whereas quartzite and phyllite from 
Selangor. 
Table 1: Percentage Passing by Mass 
metamorphic rocks materials specifica-
tions needs to be based on at least the fol-
lowing; (i) Gradation requirements: The 
samples should satisfy ASTM or JKR re-
quirements, (ii) Bearing strength (Califor-
nia Bearing Ratio (CBR) or shear resis-
tance Value (R-value)): to assess the 
strength of the rock aggregate especially 
at the base layer and it is a measure to the 
process of pavement design (Hi) Density 
specifications: the density levels influence 
the quality of compacted aggregate mate-
rial. 
3.0 Methodology 
The AASHTO T-180 test method is use 
for unbound aggregate, which also re-
ferred to as the modified (abbreviated as 
mod.) AASHTO test. It used as standard 
test for the sieve analysis, bearing 
strength base on CBR (%) at 98 % mod. 
AASHTO compaction and swelling (%) at 
100 % mod. AASHTO compaction, 
crushing strength, flakiness indexes test, 
liquid limit, plastic index, linear shrink-
age, apparent density and compaction test. 
All the tests are follows ASTM D 5821, 
ASTM D 2983/95 and ASTM C535/96. 
10% FACT (Fines Aggregate Crushing 
Value) is the the force in kN required to 
crush a sample of aggregate passing the 
13.2 mm and retained on the 9.5 mm 
sieve so that 10 percent of the total test 
sample will pass a 2.36 mm sieve. 
The aggregate crushing value (ACV) of 
an aggregate is the mass of material, ex-
pressed as a percentage of the test sample 
which is crushed finer than a 2.36 mm 
sieve when a sample of aggregate passing 
the 13.2 mm and retained on the 9.50 mm 
sieve is subjected to crushing under a 
gradually applied compressive load of 
400 kN. Flakiness Index is a measure of 
the length to width ratio of aggregate par-
ticles. 
The Atterberg Limits are a basic meas-
ure of the nature of a fine-grained soil or 
rock. The Liquid Limit is found using a 
Casagrande Device with a standard dish. 
This is filled with a rock sample of known 
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been adjusted by adding fines produced 
from the crushing of the rock (Caltrans 
1999). 
Figure 1: Shows the dry gradation of 
aggregate Base on gradation control 
points for a 26.5-mm maximum particle 
size aggregate from Selangor and Perak 
metamorphic rock. 
Figure 1 shows the dry gradation of 
aggregate that mostly fall inside the stan-
dard gradation envelope from ASTM D 
5821. It shows that some aggregate fall 
into envelope more than maximum parti-
cle size 53. The aggregate which falls at 
more than maximum particle size 53 usu-
ally designated as an aggregate suitable 
for pavement base aggregate in the ASTM 
D 5821 standard specifications. In this 
result most of gneiss and schist garnet 
from Perak shows the maximum particle 
size is 53 and some phyllite and graphitic 
schist have maximum particle size is 53. 
The gradation differences between Selan-
gor and Perak metamorphic rock occur 
because of the mica content in the rock 
samples. Most samples from phyllite and 
graphitic schist have more than 18% of 
mica. The amount of mica which is less 
than 3 on Hardness Mohr's scale is 30% 
in total and this will influence to have 
Number 16, which is the finest aggregate 
(Caltrans 1999). 
For evaluation purpose, there are two 
other factors that largely influence the 
quality of compacted aggregate material: 
1) the density levels to which the material 
is compacted, and 2) the moisture content 
of the material. This factor can be use to 
illustrate the suitability of metamorphic 
rock from Selangor and Perak as unbound 
aggregate pavement based on the princi-
ple of the density and moisture content of 
the material influences the quality of the 
compacted material. Test result that will 
be used as comparison for quality aggre-
gate requirement from Perak and Selangor 
is shown in Table 2. 
Table 2: Data Result on Quality of ag-
Material Type 
Grik, Perak 
Cyberjaya, 
Selangor 
Type of Testing N. S
ch
is
t 
G
ar
ne
t (
N
=1
0)
 
G
ne
is
s 
(N
=1
0)
 
G
ra
ph
iti
c 
Sc
hi
st
 (
N
=1
0)
 
Ph
yl
ite
 
(N
=1
0)
 
Minimum CBR (%) at 98 
% mod. AASHTO com-
paction 
80 85 74 70 
Maximum swell (%) at 
100 % mod. AASHTO 
compaction 
0.3 0.2 0.4 0.2 
Crushing strength: 
Minimum 10 % FACT (or 
Fines Test) (kN) 
Maximum ACV. (%) 
112 
28 
110 
29 
106 
27 
104 
26 
Maximum Flakiness In-
dex (%) 33 35 28 26 
Atterberg limits: 
Maximum Liquid Limit 
(LL) 
Maximum Plasticity In-
dex (PI) 
23 25 22 22 
Maximum Linear Shrink-
age, % (LS) 
5 6 4 4 
3 3 4 4 
Minimum compaction re-
quirements: 
i) % Apparent Density 
ii) % mod. AASHTO 
compaction 
98 
98 
100 
98 
96 
98 
86 
88 
Mineralogy of the rock give a different 
hardness and it influence the quality of 
rock strength, durability, flakiness, engi-
neering behaviour and performance. For 
example high percentage of quartz and k-
feldspar give the gneiss high in compres-
sive strength and crushing strength as 
shown in Table 2 (Li et. al., 2000). These 
aggregate (gneiss and schist garnet) are 
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good for use in structural concrete (if 
crushed to appropriate grades) and in un-
bound pavement construction, and in bi-
tuminous pavement and road bases if 
crushed and cohesion properties was im-
proved by additions of fines (Maharaj, 
2001). Most of the crushing strength for 
gneiss and schist garnet is in agreement 
with the standard specification which is 
less than lOOMPa (ASTM D 2938; 1995). 
The strength of the aggregate decisively 
affects the wearing resistance to bear the 
stresses of construction work is deter-
mined on the basic of Los Angeles test. 
The quality classification of asphalt pave-
ment aggregate not less than 24 are con-
sidered suitable as unbound pavement 
base aggregate (ASTM C-535 ASTM 
1996). 
Fines occur in this aggregate crushing 
sample in small amount (less than 15%). 
The maximum swelling result (%) at 100 
% mod. AASHTO compaction is consid-
ered small (modified AASHTO - T-180). 
The density and moisture content of the 
material influences the quality of the com-
pacted material. Therefore, in order to 
fully evaluate the suitability of those 
metamorphic rocks, the effect of density 
and moisture content on the stiffness, 
strength, and plastic deformation of un-
bound aggregate which is given by CBR 
test are discussed. Figure 2 shows the 
CBR results for the aggregate samples 
compacted with the same amount of com-
paction energy at various moisture con-
tent levels. Although the density of the 
samples varied slightly, the effect rela-
tively gave large variation in compaction 
moisture content had on the soaked CBR 
of the material. The influence of density 
and moisture content on the quality is 
shown by the lowest moisture content 
gives higher CBR value which is given in 
Figure 2. It shows that gneiss give very 
good relationship, schist garnet good rela-
tionship and slightly good for graphitic 
schist relationship. This is amply base on 
the minimum CBR 80 percent at 98 per-
cent of maximum dry density (MDD) ac-
cording to the modified AASHTO (T-
180) compaction method. 
Woi.turt content (%) 
Sample 1 = Gneis 
Sample 2 = Schist Garnet 
Sample 3 = Graphitic schist 
Figure 2: Relationship between CBR 
(%) with moisture content (%) 
5.0 Concluding Remark 
The metamorphic rocks from Selangor 
and Perak have potential to be use in en-
gineering construction is influenced by 
their mechanical properties. In this con-
text, the suitability of the metamorphic 
rock to be used as unbound aggregate can 
be interpreted as the ability to retain the 
strength, less swelling and quality of its 
compacted behaviour. Based on the com-
parisons of gneiss and schist garnet from 
Perak and schist graphite from Selangor, 
both of them can be used as unbound 
pavement aggregate. 
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